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SUMMARY  PAGE 


THE  PROBLEM 

To  create  an  experimental  model  to  study  cerebral  air  embolism  in  live  animals  and 
to  determine  the  role  of  compression  and  varying  decompression  on  the  outcome. 


FINDINGS 

A  successful  method  of  artificially  producing  and  observing  cerebral  air  embolism 
in  live  dogs  was  developed.  The  use  of  pressure  to  effectively  treat  this  condition  was 
reaffirmed  and  indications  were  found  that  prolonged  decompression  following  compres¬ 
sion  to  165  feet  is  not  necessary. 


APPLICATIONS 

Direct  application  of  the  experience  and  data  collected  is  found  in  a  possible  modi¬ 
fication  to  the  current  treatment  of  human  cerebral  air  embolism  as  incurred  by  sub¬ 
marine  personnel  in  escape  training,  SCUBA  divers  and  aerospace  personnel  subjected 
to  explosive  decompression. 


ADMINISTRATIVE  INFORMATION 

This  investigation  was  conducted  as  a  part  of  Bureau  of  Medicine  and  Surgery 
Work  Unit  MR005.04-0055 — Pathological  Physiology  of  Air  Embolism  and  Decompres- 
ion  Sickness.  The  present  report  was  approved  for  publication  on  18  April  1967  and 
has  been  designated  as  Submarine  Medical  Center,  Submarine  Medical  Research  Lab¬ 
oratory  Report  No.  493, — this  is  Report  No.  9  on  the  Work  Unit  listed  above. 

PUBLISHED  BY  THE  NAVAL  SUBMARINE  MEDICAL  CENTER 
Distribution  of  this  document  is  unlimited. 
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ABSTRACT 


Using  surgically  created  cranial  windows  and  artificially  producing  cerebral  air  em¬ 
bolism  by  injecting  air  into  the  carotid  arteries  of  live  dogs,  it  was  possible  to  observe 
the  behavior  and  ultimate  effect  of  cerebral  intravascular  air  on  a  series  of  animals 
under  varying  modes  of  treatment  and  an  untreated  control  group. 

The  results  in  the  untreated  controls  were  uniformly  poor,  whereas  animals  with 
cerebral  air  embolism  who  were  treated  with  prompt  recompression  to  165  feet  responded 
uniformly  well.  Only  normal  diving  decompression  was  given  and  prolonged  decompres¬ 
sion,  as  in  Navy  treatment  Tables  III  and  IV,  was  not  utilized.  These  results  would  in¬ 
dicate  that  the  principle  mode  of  therapy  in  air  embolism  should  be  rapid  compression 
and  not  prolonged  decompression. 
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CEREBRAL  AIR  EMBOLISM 
I.  BASIC  STUDIES 


INTRODUCTION 

Traumatic  cerebral  air  embolism  is  an 
acute,  serious,  occupational  hazard  associ¬ 
ated  with  decompression  and  incurred  by 
submarine  personnel  undergoing  escape 
training,  by  individuals  pursuing  SCUBA 
diving  as  a  vocation  or  hobby,  and  by  aero¬ 
space  pilots  exposed  to  explosive  decom¬ 
pression  at  ambient  pressures  of  less  than 
one.  atmosphere  (1,  2,  3,  4).  This  condition 
should  not  be  confused  with  decompression 
sickness  (bends)  which,  though  also  related 
to  decompression,  has  a  somewhat  different 
etiology  and  pathophysiology.  In  general, 
bends  is  less  acute  and  tends  in  the  average 
case  to  be  of  less  serious  import. 

The  designation  ‘traumatic’  is  proposed 
to  differentiate  this  form  of  air  embolism 
incurred  in  a  diminishing  ambient  pressure 
from  the  ‘accidental’  variety  occurring  at 
one  atmosphere  in  a  hospital  setting  (5,  6, 
7,  8,  9,  10). 

The  relationship  of  morbidity  and  mor¬ 
tality  to  the  mode  of  escape ,  training  which 
has  changed  through  the  years  is  given  in 
Figure  1,  and  can  be  seen  to  influence  both 

traumatic  and  accidental  types  of  embolism. 
Free  ascent  training  is  technically  more 
difficult  to  master  and  has  a  resulting  higher 
rate  of  occurrence  of  embolism  than  was 
found  in  older  escape  methods.  The  mastery 
of  this  technique  by  SCUBA  divers  is  a 
necessity,  if  air  embolism  is  to  be  avoided. 

The  incidence  of  dysbaric  cerebral  air 
embolism  in  relationship  to  submarine  escape 
training  at  the  Submarine  Base  New  London, 
(Groton,  Connecticut),  in  the  past  35  years 
is  given  in  Table  I. 

The  National  Safety  Council  estimated 
60  deaths  in  1965  were  caused  by  SCUBA 
diving  accidents,  and  a  number  of  these 
were  undoubtedly  due  to  air  embolism. 


In  the  illness  which  is  the  subject  of  this 
series  of  experiments,  the  individual  diver 
or  submariner,  is  in  a  diminishing  pressure 
situation  which  causes  an  expansion  of  gas 
in  the  pulmonary  alveoli.  If  the  normal 
exhalation  route  of  the  expanding  alveolar 
gas  is  interrupted  either  voluntarily,  as 
in  breath-holding,  or  involuntarily,  from 
trapped  air,  associated  with  pulmonary  tract 
pathology,  then  the  over-expansion  and  rup¬ 
ture  of  alveoli  ensues.  The  gas  is  released 
into  the  pulmonary  circulation  and  enters 
the  cerebral  circulation  via  the  pulmonary 
vein,  left  heart,  aorta  and  carotids.  See 
Figure  2. 

The  pulmonary  events,  including  the 
vital  relationships  of  transpulmonary  and 
transatrial  pressures  leading  to  alveolar 
rupture,  have  been  well  defined,  (11,  12, 
13,  14,  15,  16). 

The  wide  clinical  spectrum  of  symptoms 
and  signs  associated  with  cerebral  air  em¬ 
bolism  include:  Headache;  vertigo;  cranial 
nerve  involvement;  visual,  auditory,  and 
speech  disturbances;  loss  of  vital  signs;  and 
death. 

Similarly,  the  coincident  intrathoracic 
complications  of  pulmonary  interstitial  em¬ 
physema,  mediastinal  emphysema,  and 
pneumothorax,  have  been  studied  and  re¬ 
viewed  in  several  excellent  papers,  (12,  13). 
The  cerebral  events,  however,  have  not  been 
studied  as  closely,  except  in  reports  defining 
the  clinical  symptoms  and  signs  and  re¬ 
viewing  the  experience  with  pressure  ther¬ 
apy,  (4,  17,  18,  19,  20). 

Neither  has  the  pressure  treatment  of 
cerebral  air  embolism  been  thoroughly 
evaluated  or  given  the  attention  it  deserves 
as  the  treatment  of  choice.  Currently,  there 
is  little  evidence,  other  than  clinical,  that 
speaks  to  the  efficacy  of  six  atmospheres 
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TOTAL  NO. 

YEARS  MODE  TOTAL  NO.  A I  R  EMBOLISM 


Table  I.  —  Morbidity  and  Mortality  in  Relation  to  Total  Number  of  Simulated  Escapes  and  Modes  of  Escape,  U.  S.  Naval 
Submarine  Escape  Training  Tank,  New  London,  1938-1963 


ALVEOLUS 

MEDIASTINAL 

EMPHYSEMA 


Figure  2.  —  Schematic  of  Potential  Courses  of  Air  from  Ruptured  Alveoli. 
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absolute  of  pressure  as  the  optimum  re¬ 
compression  required.  At  the  same  time, 
there  is  meager  published  evidence  that 
pressures  less  than  six  atmospheres  absolute 
are  totally  efficacious,  (1,  2,  22). 

Current  thinking  in  the  treatment  of  pres¬ 
sure  illnesses  tends  towards  less  prolonged 
exposure  of  damaged  tissues  to  high  partial 
pressures  of  inert  gas  (24).  This  principle 
may  also  be  applicable  to  the  treatment  of 
air  embolism. 

The  occasional  so-called  “recurrence”  of 
cerebral  air  embolism  during  the  pressure 
treatment  phase  is  a  doubtful  circumstance, 
more  likely  due  to  post-embolic  cerebral 
damage,  edema,  and  increased  intracranial 
pressure. 

The  series  of  experiments  to  be  described 
is  directed  toward  a  better  understanding 
of  the  cerebral  events  of  air  embolism  and 
the  effects  of  recompression  in  the  natural 
history  of  the  injury,  — all  with  a  view 
toward  developing  a  more  effective  treat¬ 
ment. 

PURPOSE  OF  THE  STUDY 

The  purposes  of  this  study  are  listed 
below : 

(1)  To  develop  a  technique  to  produce 
and  observe  cerebral  air  embolism  in  vivo 
in  mammals  with  a  high  degree  of  con¬ 
sistency  ; 

(2)  To  observe  grossly  the  effect  of 
cerebral  intravascular  bubbles  on  the  cer¬ 
ebral  circulation  and  the  tissues  supplied 
by  the  cerebral  circulation; 

(3)  To  observe  in  vivo  the  life  history 
of  cerebral  intravascular  air  and  its  residual 
effect  on  the  untreated  embolized  animal; 

(4)  To  observe  in  vivo  the  life  history 
of  cerebral  intravascular  air  and  its  effect 
on  cerebral  tissue  using  immediate  recom¬ 
pression  to  165  feet  (six  atmospheres  ab¬ 
solute)  as  the  mode  of  treatment. 

(5)  To  observe  in  vivo  the  cerebral 
cortex  and  cerebral  blood  vessels  of  em¬ 
bolized  animals  during  the  decompression 


phase,  utilizing  standard  170-foot/10  minute 
diving  table.  This  is  in  lieu  of  the  U.  S. 
Navy  Standard  Treatment  Tables  III  and  IV. 
In  this  phase,  particular  attention  will  be 
paid  to  possible  reappearance  or  recurrence 
of  the  cerebral  intravascular  air. 


MATERIALS  AND  METHODS 

Initial  cerebral  studies  in  vivo  were  done 
on  prepared  cats  and  small  dogs,  injecting 
air  into  the  carotid  and  observing  cerebral 
intravascular  bubbles  in  the  region  of  the 
frontal  cortex.  From  these  studies  it  was 
determined  that  dogs  weighing  25-40  pounds 
were  the  most  satisfactory  species  for  these 
experiments. 

Additionally,  a  cranial  window  technique 
was  adopted  to  visualize  the  cortex.  This 
was  done  using  a  modification  of  Pudenz 
and  Shelden’s  lucite  calvarium  technique, 
(21).  All  subsequent  animals  used  were 
mongrel  dogs  which  were  prepared  with  a 
unilateral  cranial  window  2.5  cm  in  diameter 
in  the  parieto-occipital  area,  except  one  dog 
which  was  prepared  with  bilateral  cranial 
windows.  These  windows  were  created  seven 
days  prior  to  any  experimentation  in  order 
to  allow  the  animal  to  stabilize  after  the 
procedure.  After  four  experimental  runs 
with  the  cranial  window,  the  visualization 
technique  was  changed  to  a  simple  crani¬ 
otomy  for  all  succeeding  runs.  See  Figure  3. 

Twenty -four  hours  prior  to  an  experiment, 
the  carotid  artery  on  the  same  side  as  the 
window  was  dissected  free  and  isolated 
through  a  cervical  incision  and  sterile  tape 
was  looped  around  it.  The  tape  was  allowed 
to  protrude  through  a  partially  closed  in¬ 
cision  and  gave  ready  access  to  the  carotid 
when  embolization  was  desired. 

Ambient  air  in  the  amount  of  1-7  cc  was 
injected  into  the  carotid  with  an  ordinary 
disposable  syringe  and  18  gauge  needle  to 
artificially  produce  the  cerebral  air  embolism. 
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Figure  3.  —  Cranial  Window  (X3.3)  as  seen  Through  the  Dissecting  Microscope,— Note  Air  Filled  Arteries  as  Indicated 
by  Arrows. 


Recording  of  Results: 

Four  modes  were  utilized  to  record  the 
experiments.  They  were : 

(1)  Direct  observation  and  tape  re¬ 
cording  ; 

(2)  Six-frame-per-second  photography, 
— color,  and  black  and  white. 

(3)  Color  motion-pictures,  — sound  and 
silent ; 

(4)  Closed  circuit  TV. 

Types  of  Experimental  Runs: 

The  types  of  runs  with  the  embolized 
animals  were  varied  to  meet  the  objectives 
of  the  study.  Initial  experimental  runs  were 
concerned  only  with  the  production  of  a 
satisfactory  cerebral  air  embolism,  permit¬ 
ting  observation  of  intravascular  bubbles 
and  their  effect  on  the  circulatory  dynamics 
and  the  cerebral  tissue  supplied.  In  this 
series,  five  dogs  in  six  separate  runs  were 
observed.  All  runs  were  done  on  the  surface 
at  14.  7  p.s.i.  (one  atmosphere). 

In  the  second  series,  three  dogs  were 
embolized  at  one  atmosphere  and  taken  to 
treatment  depth,  then  returned  to  surface 
on  a  standard  170-foot  diving  decompression 
table  for  the  appropriate  time  on  the  bottom. 
These  are  hereafter  referred  to  as  “bounce 
dives.” 

In  another  series,  three  dogs  were  em¬ 
bolized  at  33  feet  (two  atmospheres), 
brought  to  the  surface  and  then  given 
bounce  dive  treatment  to  165  feet.  This 
was  done  to  simulate  the  occurrence  of 
cerebral  air  embolism  in  a  decreasing  am¬ 
bient  pressure  environment,  much  as  it  oc¬ 
curs  in  the  true  situation.  When  dogs  were 
embolized  without  treatment,  the  experi¬ 
ments  were  conducted  in  the  veterinary 
operating  suite.  When  the  dogs  were  em¬ 
bolized  and  treated  with  pressure,  the  entire 
procedure  was  conducted  in  the  large  re¬ 
compression  chamber  at  the  Submarine 
Medical  Research  Laboratory.  This  per¬ 
mitted  room  for  observers,  motion-picture 
cameras,  TV  monitors  and  monitoring  equip¬ 
ment.  See  Figure  4. 


RESULTS  AND  OBSERVATIONS 

A  total  of  14  embolism  experiments  were 
conducted  (see  Table  II).  Three  were  un¬ 
successful,  in  that  attempts  to  induce  arti¬ 
ficial  cerebral  air  embolism  via  the  carotid 
route  could  not  be  accomplished.  This  was 
invariably  due  to  thrombosis  of  carotid  ves¬ 
sel  incurred  during  the  preparation. 

Five  dogs  were  embolized  and  not  given 
treatment  with  recompression;  two  expired 
within  twenty  minutes,  and  three  survived, 
but  with  severe  residual  damage  evident. 
The  residual  damage  was  evidenced  by  alter¬ 
ations  in  the  state  of  consciousness,  major 
paralysis,  ataxia,  incoordination,  convulsions, 
muscle  spasm,  reflex  changes,  anorexia,  and 
cranial  nerve  damage. 

Of  the  six  successfully  embolized  at  one 
and  two  atmospheres,  and  then  treated  with 
recompression  to  165  feet,  five  survived 
without  demonstrable  residual  damage.  One 
dog  (#12)  survived,  but  with  severe  resid¬ 
uals  in  evidence,  of  the  type  already  de¬ 
scribed.  On  examination  of  the  film  record, 
(which  took  several  weeks  to  process),  a 
rupture  of  a  cerebral  vasculature  was  noted. 
Not  only  were  the  air  bubbles  expelled  as 
a  froth  over  the  brain  surface,  but  with 
restoration  of  the  circulation  by  recom¬ 
pression,  gross  cerebral  hemorrhage  ensued. 
At  autopsy,  gross  section  of  this  animal’s 
brain  (see  Figure  5)  revealed  a  massive  deep 
hemorrhage  in  the  region  of  the  area  ob¬ 
served  and  reaffirmed  by  the  motion-picture 
record. 

Observations  Concerning  the  Cerebral 
Intravascular  Air: 

With  the  cerebral  window  exposures  per¬ 
formed,  the  observations  for  the  most  part 
were  made  on  the  anterior  cerebellar  and 
posterior  cerebral  branches  of  the  posterior 
communicating  artery  of  the  carotid.  The 
arterial  vessels  under  observation  with  the 
dissecting  microscope  and  motion-picture 
camera  had  diameters  of  from  30  microns 
to  2  mm. 
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Figure 


TABLE  #2 


SUMMARY  OF  OBSERVATIONS 


Date 

Animal 

Type  of  Run 

Amt.  of  Air 

InJ.  Carotid 

Cerebral  intra¬ 
vascular  bubbles 
observed 

Treatment 

1  Outcome 

&  Remarks 

10-23-64 

Dog  #1 

Frontal  lobe 
observation  1  atmosph. 

5  cc 

Yes 

None 

Circul .  blocked  -  death 
in  18  min. 

12-7-64 

Dog  #2 

Temporal  -  cranial 
window  -  emboiized 
at  i  atmosphere 

2  cc 

Yes 

165  ft. 
bounce  dive 
170  ft.  dive  table 

Cerebral  intravascular 
bubbles  disappeared 
80-100'-  dog  survived 

12-10-64 

Dog  #2 

Temporal  -  cranial 
window  -  emboiized 
at  33  ft. (2  atmoeph.) 

i  cc 

Yes 

None 

Dog  expired  -  12  min. 
Circul  .effect. blocked 

1-15-65 

Dog  #3 

Occipito- Parietal 
window 

1  atmosphere 

Repeated  attempts 
to  emboiize  un¬ 
successful 

No 

None 

Unsuccessful 

Thrombosed  Carotid 

1-21-65 

Dog  #3 

Occipito- Parietal 
window 

1  cc 

Yes 

Surfaced  -  then 
165  ft. bounce 
dive 

170  ft. dive  table 

Very  poor  on  surface  - 
survived  -  no  residuals 

Emboiized  at  33  ft. 
(2  atmosph.) 

bubbles  gone  at  100  ft . 

1-30-65 

Dog  #4 

Bilateral 

Occipito-Parietal 

windows  i 

Repeated  attempts 
to  inject  air  un¬ 
successful 

No 

None 

Unsuccessful 

Thrombosed  vessels  - 
Dog  survived 

2-5-65 

Dog  #5 

Bilateral 
Occipito-Parietal 
Emboiized  at  1  atmosph. 

5  cc 

Yee 

165  ft. bounce 

170  ft. dive  table 

Cerebral  Intravascular 
bubbles  gone  at  100  ft . 

5-27-65 

Dog  #6 

Lt.  craniotomy 
Emboiized  at  1  atmosph. 

Yee 

None 

Proved  bilateral  wide¬ 
spread  distribution  of 
air  from  unilateral 
carotid  Injection  -  dog 
sacrificed 

6-15-65 

Dog  #7 

Lt.  craniotomy 
Emboiized  at 

1  atmosphere 

5  cc 

Yes 

165  ft.  bounce 
dive 

170  ft.  dive 
table 

TV  camera  run  success¬ 
ful  -  dog  survived 

Bubbles  no  longer  ob¬ 
served  after  60  ft. 

12-15-65 

Dog  #8 

Lt.  craniotomy 
Emboiized  at 

1  atmosphere 

Repeated  attempts 
to  emboli ze  un¬ 
successful 

No 

None 

Unsuccessful  run  - 
thrombosed  vessels 

12-15-65 

Dog  #9 

Lt.  craniotomy 
Emboiized  at 

1  atmosphere 

7  cc 

Yes 

None 

Dog  survived  with 
serious  residuals  - 
sacrificed  at  20  days  - 
poet-embolism 

Autopsy 

1-17-66 

Dog  #10 

Lt.  craniotomy 
Emboiized  at 

1  atmosphere 

7  cc 

Yes 

165  ft. 
bounce  dive 

Dog  survived  - 
no  residuals 

l-l?-66 

Dog  #11 

Skull  intact 

5  cc 

No 

None 

Survived  with  residuals 

1-18-66 

Dog  #12 

Lt.  craniotomy 

2  atmospheres 

7  cc  at 

33  ft. 

Yes 

165  ft. 
bounce  dive 

Survived  but  with 
severe  residuals  - 
dog  sacrificed 

Film  record  shows 
severe  cerebral 
hemorrhage  coincident 
with  bubble  insult.  No 
Intravascular  bubbles 
after  80  ft. 

Autopsy 

Table  II. 


Results  of  Fourteen  Animal  Embolism  Experiments. 
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Figure  5.  —  Cerebral  Sections  Showing  Gross  Hemorrhage  Which  Occurred  Coincident  With  Run  No.  14  (Dog  No.  12) . 


Typically,  the  bubbles  conformed  to  the 
size  and  shape  of  the  blood  vessels.  The 
majority  of  the  air  passed  through  the  larger 
arteries  very  rapidly,  but  on  reaching  the 
branches  of  these  arteries  came  to  rest  in  a 
way  that  effectively  blocked  arterial  circula¬ 
tion.  In  some  instances,  entire  branches 
were  filled  with  air;  in  others,  the  air 
bubbles  were  lined  up  in  a  row  with  small 
amounts  of  blood  separating  them  with  thin 
biconcave  menisci.  The  very  small  arteriolar 
vessels  were  completely  filled  with  air  and 
appeared  as  a  very  thin,  silvery  network  on 
the  cortical  surface.  The  largest  arteries  ob¬ 
served  to  be  blocked  by  the  bubbles  were 
2.  mm  in  diameter.  However,  most  of  the 
vessels  observed  which  were  filled  with  air 
and  showed  evidence  of  circulatory  obstruc¬ 
tion  were  smaller  than  2  mm,  and  were  in 
the  range  of  30-60  microns.  This  confirmed 
the  observations  of  Curtillet  and  Curtillet 
(23),  who,  doing  similar  work  on  dogs  in 
1939-40,  reported  effective  blockage  in  ar¬ 
terioles  of  30-40  microns  in  diameter. 

At  the  blood/air  interfaces,  the  circulation 
was  at  a  standstill,  and  the  pulsations  of 
the  heart  could  be  seen.  In  other  small 
arteries  there  wras  a  slow  pulsating  pro¬ 
gression  of  the  bubbles  in  response  to  the 
systolic  pressure  peaks.  In  the  series  of 
photographs  (Figure  6)  a  progression  of 
such  a  bubble  can  be  seen.  The  pulsating 
nature  of  the  progression  can  be  seen  by  the 
small  amount  of  blood  pushed  into  a  branch 
and  then  left  behind  by  the  recession  of  the 
pulse  (Figure  6-C). 

The  surrounding  brain  tissue  exposed  by 
the  cranial  windows  came  under  observation 
and  typically  showed  a  pallor  which  in  the 
untreated  cases  gave  way  to  a  reactive 
hyperemia.  Minor  flare  hemorrhages  and 
petechial  air  embolism  were  also  noted.  Mod¬ 
erate  edema  was  evident  in  some  cases  after 
an  hour  or  more. 

In  the  six  dogs  embolized  and  then  re¬ 
compressed  to  165  feet,  the  following  results 
were  observed :  Two  showed  that  all  the 


bubbles  observed  grossly  had  vanished  by 
100  feet  (four  atmospheres) ;  three  showed 
the  same  results  by  80  feet;  and  one  dog, 
by  60  feet. 

In  every  instance  there  was  evidence  of 
a  change  in  bubble  size  and  partial  restora¬ 
tion  of  the  circulation  just  beyond  33  feet. 
In  none  of  the  experiments  were  intravas¬ 
cular  bubbles  seen  to  persist  after  pressure 
equivalent  to  four  atmospheres  was  reached. 

Equally  important,  in  no  instance  was 
there  a  reappearance  of  bubbles  during  or 
after  decompression,  using  a  Standard  Navy 
Decompression  Table  for  170  feet  (10  min.) 
at  a  standard  ascent  rate  of  25  feet  per 
minute. 

There  was  no  attempt  in  this  series  to 
treat  cerebral  air  embolism  with  pressures 
less  than  six  atmospheres  absolute,  even 
though  there  is  some  indication  that  this 
maximum  need  not  be  applied. 

A  future  series  is  planned,  using  four 
atmospheres  and  the  no-recompression 
control  series. 

COMMENTS  AND  CONCLUSIONS 

In  the  past,  the  civilian  medical  com¬ 
munity  has  not  given  the  pressure  therapy 
of  cerebral  air  embolism  the  recognition  it 
deserves  as  the  treatment  of  choice.  This 
was  undoubtedly  due  to  the  general  non¬ 
availability  of  such  facilities  in  the  average 
hospital  setting.  Today,  however,  the  cur¬ 
rent  interest  in  hyperbaric  medicine  has 
resulted  in  the  establishment  and  mainten¬ 
ance  of  pressure  facilities  in  many  leading 
medical  centers  throughout  the  country. 
Personnel  responsible  for  these  facilities 
should  develop  an  awareness,  and  indeed  the 
technical  competence,  to  treat  decompression 
sickness  and  air  embolism.  With  this  capa¬ 
bility,  the  facility  can  be  used  to  treat  not 
only  the  occasional  air  embolism  seen  in 
clinical  medicine,  but  the  increasing  number 
of  civilian  SCUBA  diving  accidents  as  well. 
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Figure  6.  —  Cerebral  Artery  (1  mm.  in  diameter),  Showing  Progress  of  Circulation  Against  Untreated  Air  Embolism 
(6  fr/sec).  Indication  of  pulsation  can  be  seen  in  6C. 


The  present  study,  while  limited  in  scope 
and  design,  did  accomplish  the  following: 

(1)  A  technique  for  observing  and 
photographing  intravascular  cerebral  air  em¬ 
bolism  in  vivo  was  developed  and  refined; 

(2)  In  a  controlled  series,  the  efficacy 
of  pressure  as  a  means  of  relieving  the 
circulatory  obstruction  caused  by  air  em¬ 
bolism  was  observed  and  reaffirmed; 

(3)  There  were  indications  of  the  pres¬ 
sures  necessary  to  relieve  the  air  embolism. 
Maximum  effects  of  recompression  were  ob¬ 
served  between  33  feet  (two  atmospheres 
absolute)  and  100  feet  (four  atmospheres 
absolute).  Until  further  experiments  are 
performed,  however,  there  is  sufficient  evi¬ 
dence  to  permit  one  to  say  that  the  maxi¬ 
mum  pressure  of  165  feet  (six  atmospheres 
absolute)  should  be  considered  as  unneces¬ 
sary; 

(4)  Additionally,  there  was  good  in¬ 
dication  that  prolonged  recompression,  as  in 
Tables  III  and  IV  of  the  U.  S.  Navy  Standard 
Treatment  Tables,  is  not  necessary  to  effec¬ 
tively  treat  cerebral  air  embolism.  All  of 
the  successful  pressure  treatment  runs  in 
this  series  consisted  of  bounce  dives  to  165 
feet  for  less  than  ten  minutes  and  return 
to  the  surface  at  25  feet  per  minute  with  a 

two-minute  stop  at  ten  feet  (170  ft.  Table) ; 

(5)  The  role  of  post-embolic  edema 
could  not  be  measured  or  evaluated  because 
of  the  unrealistic  presence  of  the  cranial 
window  which  undoubtedly  modified  this 
reaction ; 

(6)  Ideas  for  additional  studies  were 
developed. 

In  future  studies  in  this  series,  it  is 
planned  to: 

(1)  Evaluate  the  effect  of  treatment 
using  pressures  less  than  six  atmospheres 
absolute ; 


(2)  Evaluate  the  effects  of  hyperbaric 
oxygen  at  60  and  30  feet,  added  to  the 
pressure  treatment  regimen. 

SUMMARY 

The  medical  aspects  and  pathophysiology 
of  cranial  air  embolism  are  briefly  reviewed. 
The  term  “dysbaric  cerebral  air  embolism” 
is  proposed  to  differentiate  this  condition, 
incurred  in  a  diminishing  ambient  pressure, 
from  the  “accidental”  type  seen  in  the 
hospital  setting  at  the  constant  pressure 
of  one  atmosphere. 

A  method  of  artificially  inducing  cerebral 
air  embolism  and  observing  and  photograph¬ 
ing  the  intravascular  cerebral  air  in  living 
dogs  is  described. 

Observations  on  the  life  history  and  be¬ 
havior  of  cerebral  arterial  air  at  one  at¬ 
mosphere  absolute  (14.7  p.s.i.)  and  the  effect 
of  pressure  therapy  to  six  atmospheres 
absolute  (88  p.s.i.)  and  subsequent  decom¬ 
pression  to  one  atmosphere  are  presented. 

The  use  of  pressure  in  effectively  treating 
cerebral  air  embolism  is  reaffirmed,  and 
there  is  indication  that  a  prolonged  de¬ 
compression  following  recompression  to  165 
feet  is  not  necessary. 

The  present  study  confirms  that  six  at¬ 
mospheres  absolute  is  effective  in  grossly 
relieving  cerebral  air  embolism.  Effective 
treatment  with  pressures  less  than  six  at¬ 
mospheres  awaits  further  study. 

Additional  studies  are  proposed. 


NOTE:  A  film,  entitled  “Cerebral  Air  Em¬ 
bolism”  (12-min.  color-sound)  was  made  at 
the  Naval  Submarine  Center,  which  shows 
some  of  the  experiments  conducted  and 
described  in  this  paper. 


13 


The  cranial  window  and  carotid  artery 
preparation  of  the  dogs  are  shown.  Two 
typical  air  embolism  experiments  are  de¬ 
picted  w’ith  closeups  of  the  embolism  and  its 
effect  on  cerebral  vasculature  and  tissue  in 
living  dogs.  The  first  is  an  untreated  case 
at  one  atmosphere,  and  the  second  a  treated 
case  using  pressure  to  165  feet.  The  effect 
of  pressure  in  relieving  the  air  embolism 
is  seen.  The  clinical  neurological  effects 
after  embolization  are  shown  and  compared 
for  both  cases. 

A  special  case  is  shown  in  which  the 
rupture  of  a  cerebral  vessel  is  seen  to  occur 
coincident  to  the  insult  of  air  embolism. 
(Film  is  unnumbered;  but  three  copies  are 
available  on  loan  from  Commanding  Of¬ 
ficer,  Submarine  Medical  Center,  Box  600 
— Naval  Submarine  Base,  Groton,  Connec¬ 
ticut  06340). 
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